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INVESTIGATION OF NON-METALLIC MATERIALS FOR SLIDING
BEARINGS SUITABLE FOR CERTAIN CONDITIONS OF FRICTION
Iﬁ CHEMICAL MACHINE CONSTRUCTION

I. V. Vasil'yev

In chemical machlne construction there occur mechanisms in which
fhe moving couplings of parts operate directly in chemlcally active
liquid media. The selection of materials for ﬁhese parts is very
difficult since the chemically active medium on the friction surface
sharply change the antifriction prope?ties of the materlals. '

With joint actlon of the force of frictlon and the chemlcally-
active medium on the frictlon surface of the metal there 1s a speclal
kind of wear which in technical literature 1s called corrosion-
mechanical [1]. The antifriction materials which are used for sliding
bearings and seals in most cases cannot be used in the presence of
a chemically actilve medium,

The following 1s a report on the results of tests on the dura-
bility of materials for sliding bearings operating in a 1% NaOH
solution and a 15% H,S0y solutiop.

Tests were carried out on an Xh2M laboratory frictlon machine

according to the method sﬁsgested by Khrushchov and Rabichev [2] as
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vell as on an MT~? rrigtion machine bullt by the 8c1ent1f1c-ﬂesearch
Institute of Chemical Macihinery (MIIKhIMMASh) according to the method
developed there. | ’

The Xh2M friction machine uses a system of rubbing a hole on the
surface of the sample with a disk. FPigure 1 shows an over-all view

of the Kh2M machine. The thickness of the disk 1s 3 mm and the

diameter 50 mm. The sliding sﬁrrace of the disks 13 r-flned to )

class 9 [standard deviation of surface irregularities 0.2 to C.4 u], ;

Spindle rotation 1s constant and equal to 530 rpm. 5

Test results wére determined by the volume of the rubbes hcle ji

V according to the formula i

| Aok of |

where b = disk width, mm; . 3

r = disk radius, mm; u

1 = hole length, mm. | i:

Tne samples measured 10 X 10 X 30 mm with the surface cefined ‘ii

to class 9. :%q

A Brinell loupe was uced for measuring °“ne hole wear, soir- ‘

resistance was tested in a 1% NaOH solutlon and in a 15% H,S0y solu- 1
tion. The samples were degreased before tes”ing. |

The following conditions were selected for testing of .amn.ies 1In d

a 1% NaOH solution: disc of Ri8 steel, hardness Rc = 62 to &%;
disks of steel %5; iron SCh 18-36, steel Kh23N27M2T, textcliti« ZB

and fluoroplast-% were also used for testing the wear-resi:. cance of
fluoroplast-%; tcmperature of thé 1iquid medium equali=d 25 ‘o 80°;
samples were of steel-20, steel-#5, iron SCh 18-36, bronze BrkMTs,
graphite PK-0, fluoroplast-4 and textolite 2B; the load on thc uamples
in ecach tests was's, 10, and 15 kg; the tests interval under each

load was 8 minutes.
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Fig. 1. Diagram of Kh2M machilne

1) disk; 2) test sample; %)
Brinell loupe; 4) load; 5) bath

The test conditions for samples in a 15% H2804 solutlon were as
follows: disk of steel Kh23N27M2T; temperature of the liquid medium
25°; samples of graphite-ye, graphite-ye impregnated with lead,
graphite PK-O, fluoroplast-4 and textolite 2B; the load in all tests

was constant and equal to 3kg; each test lasted 5 and 20 minutes,
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The MT-2 machine (Fig. 2) is similar in operation to fho ¥R*
machine of M. M. krushchov. On the MT-2 friction force was measured
with a balance. The test samples (bearing bushing and journal)
were submerged in a bath with a medium whose temperature was maln-
tained bi an electric heater. The machine is designed to allow for
.replacement of the bushing and journal. Two bushings with a diameter
of 50 mm and length of 50 mu were tested simultaneously. Wear on the
bushing is determined either from the loss of weight (for a 1% NaOH
sdlution) or from the difference in dimenslons of the bushing measured
with an indicating micrometer before and after testing (for a 15%
HyS0y solution.) Journal wear was not determined. The drive mechan-
ism of the MT-2 is contlnuously varliable from O to 1000 rpm,

() <} © ©)
b

Fig. 2. Mr-2 friction machine.

1) test bearing; 2) medium; 3) parallelogram
for measuring friction force; 4? drive wheel
for transmitting rotation; 5) load; 6) balance
for measuring friction force; 7) thermostat;
8) load-arm counterweight; 9) counterweight
for lever to measure ‘friction force; 10)

- contalner for maintaining solution level; 11)
electrlc heater,

Some of the materlals tested on the Kh2M were also tested on the

Mr-2; the material of the disk corresponded to that of the journal,
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while the material of the sample corresponded to that of thé sthins.
The unit load P oﬂ the MT-2 was constant and equal to 5 kg/cn\2 while

the sliding rate was 15 m/min in the case of 1% NaOH and 60 m/min for
15% H,S0y.

Results of Testing Materials for Wear in a 1% NaOH

Solution

Tests on the Kh2M Friction Machine

Figure 3 shows the dependencé of volumetric wear on load for
various materials at a solution temperature of 25°, It may be noted

that for given test conditions a direct proportionallity between

~v61umetr1c wear of the material and the load 1s observed. The wear

rate of fluoroplast-4 is five times lower than for steel-20 and seven

times lower than for graphite-PK-O..
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Fig. 3. Dependence of volu- Fig. %, Dependence of volumetric
metric wear on load when ‘ wear on load when tesging on the
testing on the Kh2M in 1% Kh2M in 1% NaOH at 80°C for an

" NaOH at 25° for an 8-min 8-min test period.
‘test period. 1) graphlite PK-0; 2& steel 20;
1) graphite PK-0; 2) steel 3) iron SCh~18-33; ) bronze
. 20; 3) 1ron SCh-18-36; 4) BrKMTs; 5) fluoroplast-%,

bronze BrKMTs; 5) fluoroplast-#,
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Figure % shows the dependence of volumetric wear on load for a

temperature of 80° T.

It 1s apparent from a comparison of the graphs (Figs. 3 and &%)

that increasing the temperature of the medium sharply 1ncréases the

wear of all materlals with the exception of graphite PK-O,

Table 1 shows the change in material wear rate with temperature,

TABLE 1

Influence of temperature of medium
on the magnitude of volumetric
wear of materlals.,

@

Yolupetric wear v, m’ :
* 10%, at a temperature of
Material :
xs%¢ | sPC
Pluoroplast-4 5,83° 21,50
Bronze BriiTs 27,00 46,60
Iron SCh 18-36 82,76 57,06
© Steel 20 32,76 54,80
Graphite PK-0 42,87 35,90
®

It can be seen from Table
1 that the wear rate of fluoro-
plast-4 is 3.5 times greater at
80° than 25°, It must be noted

that although the chemical proper-

"tles. of fluoroplast remaln unal-

tered up to a‘temperature‘of 300°,
its mechanical propertiesichange
sharpl&‘with an increase in %Lemper-
ature [4] which appérenbly has

an effect‘on its;durability;

Tests have indlcated that the durability of fluoroplast-4 depends:

not only on the temperature of. the medlum but’alsoapn the material of

the disk.

The ¢. nendence of volumetric wear V of fluoroplast-4 on the

material of the disk 1s characterized by the followlng data:

v, mm3 . 102

Steel P18 P8 s 000000 SO ISEBS OB LS
Steel )‘"5 ¥ PP O EP LB EPYEOOEOETIIDS

Textolite "OOOC.....OOO0.0.0. 4
Steel Kh23N2TMET .vveeenoeoes O

5.4
0 g .
IPOH SCh 18-36 es00e0e0s st e
1.0
8.0
.0

FluorOPIaSt- ssessreevos e

*
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Testing of Materials for Sliding Bearings on the
MI-2 Friction Machine

| The Journals and bushings were prepared with an aecuracy of A3
and Kh3' Before wear testing, the combined parts (samples) were run
in for a perlod of two hours with gradual loading.

Since the test data for all materials are presented in the
literature [3], we will consider here only the results for fluoroplast-
%, Fluoroplast-4 bushings were tested with a journal of steel 45 for
a period of 32 hours with a unit load pofrs };g/cm2 at solution
temperatures of 25 and 80° ¢. The welght loss of the bushing at 80°
proved to be 3 5 times greater than at 25°,'i-e;; 1t'increased by
approximately the same amount as .on the Kh2M machine. Thus, the ‘

udependence of wear resistence of fluoroplast—4 on solution temperature
1s verified.

Comparing data on the wear of fluoroplast-4 bushings with those
of bushings of iron SChTs-2 as well as bronze BrAZhN 10-% and 5-4
(given in Ref. [3]), it may be noted that the wear-resistance of
fluoroplast-4 bushinés 1s significantly greater than for bushings of
other materials, i.e., the conclusion concerning the wear-resistance}
or fluoroplast -4 obtained on the Kh2M machine.is verified Data on

. the wcar-resistance of fluoroplast-h with respect to the material

or the disk as obtained on the Kh2M rriction machine are verified

by the data obtained on the MT-2 -The relationship between the wear-

resistance of fluoroplast-% and journals of'textolite and fluoroplast-4

as obtained on the KnoM was also verified by test r-sults on the MI-2.
The force of friction was measured throughout the test., Table

2 shows average values of the coefficient of friction for several
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test materials undgr a unit load of 5 ke/on? and sliding rate of 15
m/min in 1% NaOH at 80° C. The friction force was measured after
running-in,

The tests which werevconducted confirmed a high'wear-resietance
for fluoroplast-% when operafihg with a Journal of steel 45, Th
wear-resistance ofa.flucrcplast-4 bushing wds determined from six
~months of contipuous,operation.' It shcdld be noted that capron and
nylon may be used successfully in a 1% NaOH solution,

TABLE 2

Average values of friction force

Material ‘ - | Coefficient of Friction
Journal Bushing:  |at 250c | at sc®c
Steel 45 Iron SChTs-2 | 0,8 0,47
» Fluoroplast-4 0,078 0,038
Iron SChTs-2 Iron SChTs=2 0,18 0,048

Results of Material Wear in 15%4 H,SO,

Tests on the Kh2M Friction Machine

The tests were conducted under a constant load of 3 kg for a
perlod of 30 minutes with paired disks of Kh23N27M2T.
The results of the wear tests are characterized by the following

data:
v, mm} M 102

Text°lite 23 $sev e 000 s0ss 000000 21
Grdphite PK”oc-coosocnontoonloo 35
Fluoroplast-4 se00ecsnsssesven 1 o
Graphite Ye with lead ......... 155
Graphite Ye eseneresr v 202
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It 1s apparent from these data that textolite 2B and Graphite

PK-0 are the most wear-resistant.

ests of Sliding Bearing Materials on the MP-

‘The Journal was prepared from steel Kh23Né7M2T and the bushings
‘for the bearings from graphite Ye, Graphite Ye impregnated with iead,
graphites D and PK-0 (nonimpregnated and impregnated with resin),
and textolite 2B, Solution temperatures were 25 and 75% C. The

test results are given in Table 3.

TABLE 3

Results of tests on the wear of~bearihgs or'vérioué
materials with friction against a Journal of steel
Kh23N27TM2T in 15% H,S0y carried out on the MI-2.

Duration of test,|Radial bearing | Crarester of
- 8 Ihto 1a hours rear, me Journal frie«
earing r
® - 2% | s5% | »s°c | % | tion murfeee
Graphite Ye ' 15 90 . 2,1 2,6 Grooves
Graphite Ye impregnated ’
wi,:: lemd . . 30 - 2.4 - * .
Textolite 28 - : - 5% - 0,25 | Grooves
: ‘ . -1 "pivting®,
Grephtts D ) = | 20. I - 1.3 ] Polished surface
Graphite FK-0 ) - ; 62 y - L1 ..
Graghite PX-0 impregnated = 250 - | o2 P
with resin : .- ’ c

‘It 1s apparent from Table 3 that graphites D and PK-O exhibit
, the best wear-resistance; these datu correspond to those obtailned
on the Kh2M friction machine with respect to wear-resistance,
Testing of the frictlon surface 1s very lmportant in the 3tudy
of the nature of corrosion-mechanical wear. The external appearance
‘or the friction surface may to some degree characterize the weaﬁ-

resistance of the material, Such in investigation of the frictlon

-9



S et

surface was made with the MIM-7 microscope (x150).

Two portions were photographed at the same time: ‘the friction
surface of the journal and the section of the journal not contacting
the bushing. Comparison of these surfaces made it possible to
evalﬁate the changes which take place on the journal under friction.

.

Comparison of the surface of the Jjournal before and after friction

against graphite Ye showed that after 90 hours of testing annular

grooves and ridges appeared on the surface and roughness was increased
to class 6 [standard deviation of surface irreguiarity greater'than
1.6 to 3.2 p]. Similar grooves indicating severe wear of graphite Ye
also appeared‘on tre bushing. The bath'was greatly contaminated with
the products of wearing. The origin of annular grooves oﬁ. the friction
surface of the Jjournal 1s appareAZIy explained by hard impurities
contained in the graphite Ye, '

The same friction-surface characteristic. was observed on &
Journal tested with textollte 2B for a peried of 590 hours. Not only
course deep annular grooves but also corroded.sections were visible

on the Journal. Figure 5 shows a microphotograph of the friction

surface on wWhich course-: annula.r ridges @&and polished sections are

'visible. Despite the fact that wear on the textite 2B bushing during

'this same time was 1ess than O 25 mm, thls combination of materials

cannot be recommended since the wear-resistance of the Journal is

" clearly unsatisf actory.
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The best results were obtained when tea;ing a journal with a
bushing of graphite PK-0O impregnated with resin (see Table 3), It is
apparent from a microphotograph of this Journal after 250 hours of
testing (Flg. 6) that the friction surface is polished to a luster
and that there are.no_grooves or scratches.on it. There were ﬁo
products of wear from the graphite in the bath during the test. A
éimilar Journal surface was also observed whég tesi:ng bushings
of graphite D agd PK-O not impregnated with resin. Judging from
cﬁﬁtamination of the bath,‘the'process of polishigs tonk place for
grephlite D and PK~-0 not 1mpregnated‘w1th resin in a perlod of 50
hours, For graphite PK-O impregnated with resln this process pfoceeded
much more rapidly in the same perlod of time. The polishing effect
which shows up on the journal apparently depends on the abrasive
properties of the bushing, on the abllity of the bushing to remove
the protective film from the metal, and on the rate of its formation,
whék there 1s a partlial removal of the protective film which forms
on steel, local reglons affected by corrosion occur on the friction
surface of the Journal; the roughness of the surface increascs and
this leads to an 1ncrease in the fate’ofiwéar of the bushing material.
: ’ The coefflcient of friction
as a functlon of sliding rate and

unit load was measured o1l an MP-2

, ﬂJ iﬁ . friction machine.
1amh“uuhﬁdn4" -‘! . The coefficlient of friction
a b
was determined on run-in samples,

Fig. 6. Microphotograph of the
friction surface of a Jjournal of The lowest value was obtained for
steel Kh23N27M2T after 250 hours
of testing in combilnation with a bushing of graphite PK-O imprege
graphite PK-O impregnated with
resin, nated with resin (Figs. 7 and 8),

a) free section; bz friction sur-
face of the journal (x150),

FTD-TT~63-260/1+2+4 -11-
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rave. ' 13 textolive 2B; 2) grephive D;
13 textolite 2B; Ez grephite D; %) grephite PK-0; %) graphite
3) grephite PK-0; 4) grzphite PK-OC (“Zmpregneted with phenol-
PK-O (impregnated with phenocl- formelidenyde resin).

formaldehyde resin).

The mechanism of peolishing of the [ournel (&s & result of the
ebrasive action of the grephite) is probebly enalogous to the effect
ol electo=-polishing, in splte of the feact that & 1% H2804 solution

2ENNOL under static condiilons serve a&s an elecirclive for tne eleciro-

polisting of stelinless stesl INZ23N2TMT.

Conc uslions

4., The rellsdilliy of operetion c¢f entifricilon plectlics under
friction in aggressive medls depends not only on thelr chemic &1
stabilitf but Elsoc on the corroslion resietance of the mete’ls opposing
them. _

2. On the basis of tests made £% the NIIKrTMMASE, fluoroplast-i
meyr be recormended &s & melteriel for sliding-beering bushlings opera-
ting in an alkeline medlum. Taking intc account the fact that the

temperature of the alkeline medlum has & greet. effect on the wear-

SRR ——



resistence of fluoroplast-4, it 1s recommended that fluoroplast-¥
be used at noncritical points of friction and for cases where a
hydrodynamic friction regime is guaranteed,

Graphite PK-O or D impregnated with resin is recommended for

operation 1n a 15% sulfuric acid solution. When selecting material

for the Jjournal it 1is necessar& to take into conslderation its ccrro-
sion resistance,

3. It 1s recommended that tests of materlals for wear-reslstance
exposed to a ccrrosion-mechanical form of wear be carried out on the
Kh2M laboratory friction machine according to the method suggested
by M. M. Khrushchov and M. A. Babichev and on the MF-2 machine
constructed by the NIIKhIMMASh.

Tests carrlied out at the NIIKhIMMASh indicated a cbrrespondence
of results obtained on the Kh2M and MI-2 friction machlnes for the

wear-resistance of materials,
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